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(54) Method and device for channel interleaving and multiplexing 



(57) The invention proposes a method and a device 
for interleaving and multiplexing data conveyed by sev- 
eral transport channels distributed into groups of trans- 
port channels (100). The transport channels (100) of 
one and the same group all have the same quality of 
service. The data of the transport channels of one and 
the same group are processed by one and the same 
processing chain (103A, 103B) specific to the group of 
transport channels. Each processing chain (103A. 
103B) comprises at least one data interleaving step 
(1 54). A multiplexing step (152) is provided at the output 
of the processing chains (103A. 103B). The multiplexing 
step (152) on exit from the processing chains (103A. 
103B) is a multiplexing by shuffling, and all the data in- 
terleaving steps (1 54) are performed within the process- 
ing chains (103A, 103B). before the said multiplexing 
step (152). 
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,„„„„ The presen, ,n»,,,o„ reia.es »..^<J^^rj:»^nrrS^ l ^S 

.ransporl Channels dis.ribut.d into groups ot l.ansporc ="f™ - „, „„. md th 

e same qroup are 

ha„no .he same qualify of service, in « hfch ^ h ^ r ^^^^.™port channels, each processing 

such as the one currently undergoing specification by the 3GP P™^™ ^ e and transmis . 

[0003] A channel interleaver is a device placed between the channel coder l™^™** ' of , he channel 

Ludlng in particular the ETS. (European system for 

Radio Industries and Businesses). Its object is the s a ^ th ^ e atjon s tems is that , apart 

mobiles. One of the fundamental aspects d ' s ^^ 

from the fact that they will use the radio spectrum more efficiently, they win a i yy ^ Mq _ 

generation systems offer an optimized radio interface or ce se-ce. Fo « a »"P^ ^ g radio interface 
biles) is optimized for the transmission of speech ^^^^^'^Zs is that of multiplexing the 
adapted for All kinds of services and combinations of services. A problem which then 

serv,ces without impairing the time diversity gain J* ^ of efficiently multiplexing, on the 

[00051 One of the issues at stake with third-generation mobile radio s y* e ™ '* ™ l 0 y Qualj , of service is 

adio Interface, services which do not have the same demands *™ ^ 
defined, conventionally, by at least one criterion compnsing in particular a processing delay. 

error rate in respect of a transport block. tran , nort channels having different tolerances to delays. 

a telecommunication equipement is modelled by a layered ^^^^^^^ channel coding 
a protocol offering a service to the level above. Level is ,n particular ^^^ T ^ A transport channel 
and channe, interleaving. The service offered by leve * 'fj 

aliows the upper level to transmit data with a certain qua ty o^ P ^ ^ ^ 

by the delay and the BER (Bit Error Rate). Since an mterleaver bnn 9"* 0U ^^ for eacn transport channel, 

transport channels having different sensitivities to delays ^^^^Z"^sc^ with regard to 
[00081 The known solutions, and in particular those proposed in the 3GPP project, win 



•to [0008] 

the first few drawings in which 
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Finurel is a diaqrammatic view illustrating a rectangular interleaver; 

pfZ Saoram.a.io »i.w i„„,„a,in g ,ha n, u «ipia«in 9 onhe iranspor, ohanna.s on ,he down.nK in ,he ourren, 



gain. 



^ Byway.lexa.ple.arec.angulann.erleaveMs^^ 

a, fo.lov,,: 20 symbols being a.ai.able fo, .ransm.ss.o^ ,hey a . wn, ™ § ^ and , ransmitBd 
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denoted by the references 02B and 04B. 

[0010] It will be understood that, for the interleaver to operate, it is necessary to wait for 20 symbols to be available, 
hence the delay introduced by the interleaver. 

[0011] As illustrated in Figure 2. it is possible to construct generalized rectangular interleavers. in which it is not 
5 necessary for the number of columns to be a divisor of the depth. 

[0012] Represented in Figures 3 and 4 are the block diagrams for interleaving and multiplexing as defined by the 
current proposal by the 3GPP group, although this proposal has not yet been finalized. 

[0013] In these figures, similar blocks bear the same numbers. In both cases the uplink (from the mobile station to 
* the network) may be distinguished from the downlink (from the network to the mobile station), and only the transmission 

10 part is represented. 

[0014] Each transport channel, labelled 100. periodically receives a set of transport blocks from an upper level, 
labelled 102. The number of transport blocks 100 in this set. as well as their sizes, depend on the nature of the transport 
channel. The minimum period at which the set of transport blocks is supplied corresponds to the time span of the 
interleaving of the transport channel. The transport channels with one and the same quality of service (QoS) are proc- 

is essed by one and the same processing chain 103A. 103B. 

[0015] In each of the processing chains 103A, 103B, the transport channels, in particular after channel coding and 
channel interleaving, are multiplexed together by concatenation in step 104. This multiplexing is carried out per mul- 
tiplexing frame. A multiplexing frame is the smallest unit of data for which demultiplexing may be carried out at least 
partially. A multiplexing frame typically corresponds to a radio frame. The radio frames form consecutive time intervals 

20 synchronized with the network, and numbered by the network. In the proposal by the 3GPP group, a radio frame 
corresponds to a duration of 10 ms. 

[0016] The 3GPP proposal comprises the service-specific coding and interleaving option represented diagrammat- 
ically at103C. The possibility of such an option is being considered at present since its indispen sibiiity or otherwise 
has not yet been determined. 

25 [0017] In the general case, a processing chain 103A firstly comprises a step 106 during which a bit word termed the 
FCS (Frame Check Sequence) is attached to each transport block. The bit word FCS is typically calculated by the so- 
called CRC technique (Cyclic Redundancy Check) which consists in considering the bits of the transport block to be 
the coefficients of a polynomial P and in calculating the CRC from the remainder of the polynomial (P+P0) after dividing 
by a so-called generating polynomial G. where P0 is a predefined polynomial for a given degree of P. The attaching 

30 of the bit word FCS is optional, and certain transport channels do not include this step. The exact technique for calcu- 
lating the bit word FCS also depends on the transport channel, and especially on the maximum size of the transport 
blocks. The usefulness of the bit word FCS is to detect whether the transport block received is valid or corrupted. 
[0018] The next step 108 consists in multiplexing together the transport channels (TrCH) of like quality of service 
(QoS). This is because those transport channels which have the same quality of service may use the same channel 

35 coding. Typically, the multiplexing at 108 is carried out by concatenating the sets of transport blocks with their bit word 
FCS for each transport channel. An example of multiplexing by concatenation is given in Figure 5. 
[0019] The next step, labelled 110. consists in performing the channel coding. 

[0020] On exit from the channel coder 110 there is a set of coded blocks. Typically, in the case of a convolutional 
code, we have either zero or a single coded block of variable length. The length is given by the formula: 

40 

N output = N input / ( codin 9 rate > + N tail ( len 9 tn of the coded block )- 

with: 

45 

N output = number of bits at output (length of the coded block): 
N input = number of bits at input; 
coding rate = constant ratio; and 

N taj| = fixed quantity of information, independent of N input . serving to empty the channel decoder properly at the 
so time the coded block is received. 

[0021] It is onwards of this step 110 that the uplink differs from the downlink, and that the invention differs from the 
current 3GPP proposal, as will be described hereinafter. 

[0022] In each transport channel, whether the uplink (Figure 3) or the downlink (Figure 4), a rate matching step is 
55 implemented after the channel coding step 110. This step is labelled 112 for the uplink and 114 for the downlink. Rate 
matching is not necessarily performed immediately after channel coding 110. 

[0023] The objective of the rate matching step 11 2 or 114 is to balance the ratio Eb/I between the transport channels 
with different qualities of service. The ratio Eb/I gives the average energy of a bit with respect to the interference. In a 
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..- . ^, CDMA technoloqy the greater this ratio the greater is the quality which may be obtained, 
system using multiple access CDMA tecnnoiogy, meg ont n , ia | itjes of ser vice do not have the same need 

It will be understood therefore that transport channels , h«v.ng d ffe en ^^ ^^^ . t00 - good a quality 
,n terms of EM. and that in the absence o <£^^^Z^S££ in terms of quality of service, 
of service relative to their respective needs, fixed as it is oy me ma ,china therefore has a role of balancing 

Sue, transport cnann.is ~^5%*£?22Z£. ES multiplying Py «. ratio Y*. h«. M 

S is rate,,., »- «- * ■»»"". r.„o. aiso k nown as tna * 
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25 



rooSr'Rate matching is not done in the same way in the ^ .and ^ ^ 

0025] This is because, in the uplink. ,t has been deeded "ansm* c»r^ou.l^.mc ^ ^ 

worsens the peak/average ratio of the ^ io ^" M <*^ power amplifier 

is to 1 the better. This is because, if this ratio is worsened (that s to sa ' ,n ^^rj 9 0n gccount of such a margin, 
requires a greater margin (backoff) of linearity w,th respect to ^"^^^^ aver age power emitted, 
the power amplifier would be less effective and would th «^ .^"^T^^ prance. Because it is nec- 
and this would in particular unacceptably reduce the ^.^^^^^^ This is because the sum 
essary to transmit continuously on the uplink, the rate matching rat.o ^^l^^ bits in the radio frame for 
Y 1+ Y a V..Y k of the numbers of bits after rate maching mus be equal to thecal umber o f b n ^ 

the data. This number may take only certain predefined values N v N 2 N p . It is therefore pp P 

following system in k unknowns Y, Y k : 



Vie{l,...,k}Y, =X.(Eb 1 /l)-X i 
^ Y, +••• + Y k = N, 
Vie{l,...,k}A->— - 



35 therefore remain constant. nnwerk = anv case ver v poor since the network 

[0027] in the downlink, the peak/average ratio of the ™*^™W^™^£"ZZL.lV or destructively, 
Unsmits to several users simultaneously. The signals destine^ ^ /ayerage 

thereby inducing wide variations in ™2'^^"-"^^^ r •^^ E ^V^^° h « v «riou« transport oh.nn.to would 

ratio. It was therefore decided that for the downlmk the balancing of EM between th J wQu|d be 

<o be done with a rate matching having a constant rate ^^"^J^ ^discontinuous transmission. 

I-L d =ng f = 

^ The rate matching, whether dynamic or 

^ e S"S maJesItU- to obtain non-integer puncture/rep- 

etition ratios, and it is given in Table 1 for information. 
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Input data: 

Xi 



- number of bits at input 

- number of bits at output 

- number of bits to be repeated or 
to be punctured (if Y 1 >X 1 we 
repeat, otherwise we puncture) 



The puncturing/repetition rule is as follows: 

e = 2*N p/r -Xi initial error between the current 

and desired puncture/repetition ratios 
x = 0 index of the current bit 

while x<Xi do 

f if e > 0 chen test whether bit number x 

-should be repeated /punctured 



< 



f puncture or repeat bit number x 
1 e - e + (2*N p/r - 2" XJ -- update 



else 

v e = e + 2 + N p/r 



error 

update 
error 



the 



the 



end_if 

x = x + 1 



--next bit 



end do 



40 



Table 1 Repetition or puncturing algorithm 



[0030] The particular feature of this algorithm is that, when it operates in puncture mode, it avoids the puncturing of 
consecutive bits, but on the contrary tends to maximize the spacing between two punctured bits. As far as repetition 

45 js concerned, the repetition bits follow the bits which they repeat. Under these conditions, it will be understood that it 
is beneficial for the rate matching to be done before interleaving. This is because, in respect of repetition, the fact that 
an interleaving follows the rate matching makes it possible to space the repeated bits apart. In respect of puncturing, 
the fact that an interleaver precedes the rate matching gives rise to the risk that the rate matching might puncture 
consecutive bits on exit from the channel coder. A catastrophic case would be a rectangular interleaver between the 

50 channel coder and the rate matching, this interleaver having a number of rows equal to the puncture period. In this 
case, all the punctured bits would be consecutive on exit from the channel coder. It is therefore advantageous for the 
rate matching to be done as high up as possible, that is to say as near as possible to the channel coder. 
[0031] Moreover, each processing chain 103A. 103B also comprises, after the channel coding step 110, a first inter- 
leaver labelled 116 for the uplink and 118 for the downlink, followed by a step of segmentation per multiplexing frame. 

55 labelled 120 for the uplink and 122 for the downlink. The first interleaver 118 is not necessarily located immediately 
after the channel coding 110. 

[0032] For the downlink, it is possible to place the rate matching 114 right at the output of the channel coding 110. 
since the rate matching ratio is constant. Hence, a priori only a single interleaver 118 is needed. However, it will be 
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. a .„ that in the case of the 3GPP proposal, a second interleaver 126 is necessary after the multiplexing 104. 

as the first and second interleave The Brst inter .aver 11*11 I . an ' , ha „ ,„„ d „, alton of a 

• j^" "« i^" Lrred » as an mtra-trame intedeaver since its „me span ,s ,h„ c, 

^'c~.l». the step ot se g „.n„,ion per ™„,p,e«,n g 
,6. 118 and «.. second 128. 126 interleaved (when the,. ,s a second ,nte lea».r) Th^step cons^s 9 9 

- ::ro=pa„=:=^ 
HnLi^^rrrsr^ 

physical channel for transmission proper. because firstly in the case of a single 
« n e dTersit, 9 ain to be exacted Thos. rather have a ™* 1. — «. 

sr- :^!:^:~;^:^~^>° .v - — * - 

second interleaver 128. *u ara arc . twn int^rleavers in series (118 and 

[00411 Now. in the case of the 3GPP proposal, it will be observed that h ^ e a e ^;7 multjplexing 1 04 of 

;rxr 9* ^o':^^s^i^: - s «h.Lp, ire d „ a^, - « mu ,. 

SSJ 9 ils tho. «. ,he e»a m p,e ot two ^7^^^^—^ atcta^^ 

r^rt^rs^ra^C", in .J. P**, tram., whereas this trame 

-t,rSoV:,,h,. ^ > ™ once an* „ 

all and it cannot therefore be optimal for all cases of multiplexing. 

[0044] Solutions to this problem have already been envisa f d interleaver and a second simple interleaver. 

s,aii=^^^^^ 
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the said processing procedures is a multiplexing by shuffling, and in that all the said data interleaving steps are imple- 
mented within the said processing procedures. 

[0049] As a variant, the method comprises one or more of the following characteristics: 

5 - each processing procedure implements first and second interleaving steps operating in succession; 

the said second interleaving step comprises a rectangular interleaving step with dynamically variable depth; 
a single rate matching step is provided within each processing procedure between the said first and second inter- 
leaving steps; 

the said first interleaving step comprises an initial step of writing symbols along the rows of a matrix, the number 
1 0 of columns of which is equal to the number of multiplexing frames which can be processed during the said step of 

multiplexing by shuffling in the time span necessary for the said first interleaving step, and a subsequent step of 
reading symbols along the columns of the matrix for obtaining blocks of interleaved symbols, and the blocks of 
interleaved symbols obtained following the implementation of the said first interleaving step are segmented so that 
each segment corresponds to a column of the said matrix, the said rate matching step being implemented on each 
15 of the said segments; 

it comprises a single interleaving step in each processing procedure; 

it comprises, after the said step of multiplexing by shuffling, a step of inserting dummy bits; 
a rate matching step is implemented for each processing procedure, with a static rate matching ratio; 
the said step of multiplexing by shuffling initially comprises a step consisting in associating, with each block to be 
20 multiplexed, a variable obtained by applying a first evaluation criterion, then, for the construction of the multiplex, 

the following steps, repeated iteratively for all the symbols to be multiplexed: 

a) selecting, as a function of a second evaluation criterion pertaining to the said associated variables, one of 
the blocks to be multiplexed; 

25 b) extracting from the selected block the next remaining symbol when considering a given order of reading in 

the selected block; 

c) inserting the extracted symbol at the end of the multiplex; and 

d) re-updating the variable associated with the selected block; 

30 . the said step of multiplexing by shuffling is implemented on data blocks the number and size of which vary dynam- 
ically from one multiplexing frame to the next; and 

it is implemented within a radio-communication system implementing CDMA technology. 

[0050] The subject of the invention is moreover a device for interleaving and multiplexing data conveyed within sev- 
35 eral transport channels distributed into groups of transport channels, the transport channels of one and the same group 
all having the same quality of service, comprising: 

a processing chain specific to each group of transport channels, allowing the processing of the data of the transport 
channels of one and the same group, each processing chain comprising at least data interleaving means, and 
-to - multiplexing means provided at the output of the processing chains. 

characterized in that the multiplexing means provided at the output of the processing chains are means of multiplexing 
by shuffling, and in that all the data interleaving means are included within the processing chains. 
[0051] As a variant, the said means of multiplexing by shuffling comprise a hardware accelerator making it possible 
4 5 to perform a sort of a set of pairs of values comprising, for each of the said pairs, at least: 

an identification value for a class of data blocks having an identical size of data blocks; and 
an error value associated with each class of data blocks, the said error value making it possible to select, iteratively, 
from among the classes of data blocks to be multiplexed, the class of data blocks the symbols of which are to be 
50 appended to the multiplex undergoing formation: 

the said hardware accelerator comprising: 

loading means for the said pairs of values, the said loading means making it possible to load into the input of the 
55 said hardware accelerator at least one new pair of values to be taken into account to form the said set of pairs of 

values to be sorted; 

sorting means for the pairs of values, the said sorting means making it possible to perform at least one so-called 
first-order partial sort assigning the said pairs of values: and 
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..nr-na m Pa n S for the said pairs of values, the said storage means making it possible to store, at a given instant 
" T^^^Ti^^ndf the set of pairs of values, on the bas,s of a so-called second-order part.a. sort 
as^^ - Pat of values, in such a way that a single second-order part,, sort ,s suffice, for 

the said hardware accelerator to deliver at output a pair of values comprising: 
5 - the current minimum error value of the set of error values; and 

- the identification value associated with the said minimum error value. 

r00521 Lastly the subject of the invention is a mobile radio-communication network base station adapted for com- 
SSSU S mobile stations of the same network, and a mobi.e -dio-communication ne^or mobile station adapted 
,o for communicating with base stations of the same network, comprising a evice as ^-^b ve^ 

[0053] The invention will be better understood on reading the description wh.ch follows, given merely oy way 
example and with reference to the following drawings in which: 

Figure 7 is a diagrammatic view illustrating the multiplexing of the transport channe.s according to the invention 

Rg^ sTadiagrammatic view il.ustrating the multiplexing of the transport channels for the uplink; 
Fiaure 9 is a diagrammatic view illustrating the multiplexing by shuffling; 

Figure 10 is a flow chart il.ustrating the implementation of the method of multiplexing by shuffling used. 

Figure 11 is a diagrammatic view illustrating a memory register; 
20 Figure 1 2 is a diagrammatic view illustrating a selection gate; 

Finure 1 3 is a diaarammatic view illustrating a sorting gate; , . , a 

Figure 14 is a diagrammatic view illustrating the hardware accelerator for the -find J such that e ( - mm { . v e 2 .... 

FlreT^a diagrammatic view illustrating the waveform of the CLOCK. SELECT2 and SELECT1 signals; and 
25 Figure 1 6 is a diagrammatic view illustrating the format of the content of the reg.sters. 

5SS&3S3SSS5 

3GPP within the current specification referenced S1 .12 version 1.1.0. 
[0060] Table 2 below describes the algorithm for the FS-MIL interleaves 
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input data: 

N: integer size of the block to be interleaved and to 
be segmented 

X: symbol array [ 0 N- 1 ] - block of symbols to be 

interleaved and to be segmented 
m: integer sequence number of the segment at output, 

016(0,1, . . - ,F-1} 
a; permutation of { 0 , 1 , . . . , F- 1 } -- 

permutation of the columns 

Y: symbol array [ 0 .. L- 1 ] - segment, at output we have 

N-a(m)~ 



The algorithm is as follows: i 
y = a(m) — positions of the symbols to be 

_ interleaved- - 

x: = 0 position in the interleaved 

segment at output 



while y<N do 

Y[x] = X[y] interleave a symbol 

x = x + 1 -- next interleaved symbol 

y: = y + F symbol to be interleaved 

end do 



Table 2 FS-MIL interleaver followed by segmentation per 
multiplexing frame 

[0061] The interleaver also comprises a matrix having a number of columns which is equal to the number F of mul- 
tiplexing frames in the time span of"an interleaving period for the transport channel(s). The symbols to be interleaved 

are written into the matrix row-wise. Then the columns are permuted according to a permutation o of {0. 1 F-1}. 

After permutation, the column in position i is in the position cr 1 (i). The columns after permutation are therefore the 
original columns o(0), o(1) o(F-1). 

[0062] Thus, the order of the symbols in the segments produced is the same as in the input block, thereby making 
it possible to prevent the puncturing done by the rate matching from interacting unfavourably with the interleaving. In 
the FS-MIL interleaver described in the current specification S1 .12. o is given for the possible values of F in the 3GPP 
system in the table below: 



F 


(o(0). o(1) o(F-1)} 


1 


(0) 


2 


(0.1) 


4 


(0.2.1.3) 


8 


(0.4.2.6.1.5.3,7) 



The second interleaver 1 58 is a rectangular interleaver with dynamically variable depth equal to the integer part of the 



square root of the size 
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of the block to be interleaved. An algorithm for carrying out this interleaving is given in Table 3. 
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Input data: 

N: size of the block to be interleaved 
X: symbol array [0 N-l 1 - block in to be interleaved 
Y: symbol ar ray [ 0 . . N-l ] — block out interleaved by the 

algorithm 

The algorithm is as follows: . 

y y = o — position of the symbol to be interleaved 

x = 0 ■ — position of the interleaved symbol 
K = LVnJ — number of columns, LJ notation for the 
integer part 

N S = Ln/kJ*K — size of the largest complete block < N 



while x< N do 

~~~Y[x] = X[y] 
x = x + 1 
if y <N-K then 



— interleaving of a symbol 

next symbol to be interleaved 

test whether the position 
should be aliased 
y = y + K — no. aliasing 
else aliasing 
if y > Ns then 

y = y — (Ns-1) 




aliasing 
incomplete 
part 



in 



else 

end_if 
end_if 
end do 



y = y - (Ns-K-1) 



aliasing in 
complete part 



Tab le 3 Variable-depth generalized rectangular 
interleaver 



[0063] An alternative algorithm is given in Table 4. 
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Input data: 

N: size of the block to be interleaved 
X: symbol array[0. .N-l] block in to be interleaved 
Y: symbol array [0 N-l] — block out interleaved by the 

algorithm 

The algorithm is as follows: 

y = 0 position of the symbol to be interleaved 

x = 0 position of the interleaved symbol 

K = LVnJ — number of columns, L-J notation for the 

integer part 
L = Ln/kJ -- number of complete lines 

N s = L*K -- size of the largest complete block < N 



while x< N do 

^ Y[y] = X[x] 
x = x + 1 



interleaving of a symbol 
next symbol to be interleaved 



if y > (L+1)'(N-Ns) then 



if y > N-L then 



y = y -(N-L-l) 



else 



else 



y - y + L 
end_if 

"if y > N-L-l then 



test whether in the 

same column, row L+l 

is in its complete 
part 

test whether aliasing 

in incomplete part 

aliasing 



no aliasing 



-< y = y - (N-L-2) 

else 

y = y * L + 1 
end_i f 
end_if 
end do 



test whether aliasing 
in complete part 

aliasing 



no aliasing 



Table 4 Variable-depth generalized rectangular 
inter lea ver 

[0064] These algorithms are simple enough for the interleaving positions to be calculated on the fly. that is to say 
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10 



75 



symbol by symbol. Hence, they require no tabulation, that is to say for example a correspondence table such that the 
ration from the rate matching algorithm given in Table 1 . 
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Input data: 

Xi : symbol array [0 . .Nx-1] — 

Xt : symbol array [ 0 .. N.-l ] — 



1 st block to be multiplexed 
i th block to be multiplexed 



Xp : 'symbol ar ray [ 0 . . N p - 1 ] — p th block to be multiplexed 
Y : symbol array [0 . .N-l ] -- multiplex N = Ni + N;.+ . . . +N P 

The algorithm is as follows: 

for i = 1 to p do , 

e . = N _ N . initialize error for all the blocks to be 

multiplexed 

for i = 1 to d do 

X: = 0 initialize position in all the blocks to 

be multiplexed 
x = 0 initialize position in the multiplex 

while x < N do 

Find j such that e< = min {e :/ e^, . . . , e p } 
Y[x] = X 3 [x ; ] multiplex 
x = x + 1 
x 3 - x 3 + 1 



If x, = N< then 



Else 

ej = e- 
End if 



block j will no longer be 
selected 



- 2- (N-Nj) 



50 



end do 



Table 5 Multiplexing by shuffling 
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j such that e s = min {e 1( e 2 e p }" be defined when the minimum is attained at several points. For example, we can 

define j by the algorithm of Table 6. 



j: = 1; 
i: = 2; 
while i<p do 

If ei< ej then j : = i; 

end_do 

Table 6 

15 

[0070] Stated otherwise, a lexicographic order relation over the set of pairs (e j( i) is considered. This relation is such 
that if ej<ej then (e j ,i)<(e j ,j). and if e { = ^ then if moreover i<j we have (e jl i)<(e j ,j). Thus, if the values of the errors e t 
and e f are different, then the order of the value pairs (e s ,t) and (ej.j) is the same as that of the errors ej and e^ Otherwise 
the order of the pairs (e^i) and (e jt j) is the same as that of the identification values i and j of the blocks to be multiplexed. 

20 The identification value j determined by the operation "find j such that e^ = min{ej e p }" is in fact that for which the 

pair of values (ej.j) is the minimum for the lexicographic order of the set of value pairs {(e v 1) (e p p)}. This operation 

would then be better defined as "find j such that (ej.j) = min {(e^l) (e p .p)}". 

[0071] The multiplexing by shuffling algorithm implemented in the method according to the invention is illustrated in 
Figure 10. 

25 [0072] Thus, initially, in step 500, a variable ej is associated with each block to be multiplexed. This variable ej is 
calculated by applying a first evaluation criterion which, here, gives, for the block having the identification value j, the 
value of the initial error ej = N - Nj where N is the total length of the multiplex to be obtained and N f is the number of 
symbols of block j to be multiplexed. In step 502. one of the blocks to be multiplexed is selected by applying a second 
evaluation criterion pertaining to the associated variables ej defined on the basis of the first criterion, In the example 

30 considered, the second criterion leads to the selecting, from among all the blocks, of that one the error ej of which is 
smallest. 

[0073] In the block thus selected, the next remaining symbol, considered in the direction defined for the extraction 
of the symbols, is extracted in step 504. This extracted symbol is then inserted at the end of the multiplex undergoing 
definition in step 506. 

35 [0074] With a view to supplementing the multiplex, with another symbol extracted from a block which is not yet empty, 
the variable associated with the block from which the last symbol has just been extracted is re-updated in step 508. 
[0075] Steps 502 to 508 are repeated so long as the blocks to be multiplexed are not all empty. This repetition is 
managed in particular by a test performed in step 510. 

[0076] The algorithm defining the multiplexing by shuffling can operate on a variable number of blocks of variable 
40 size. Also, when the transport channels have variable bit rates, the multiplexer carries out dynamic multiplexing, varying 
multiplexing frame by multiplexing frame. 

[0077] By virtue of the multiplexing by shuffling 152, only a single interleaver 154 is needed in the downlink, this 
interleaver can for example be a rectangular interleaver such as the one given in Table 1 . This interleaver 158 has the 
advantage of having variable depth, and of being able to calculate on the fly, that is to say symbol by symbol. 

45 [0078] In a word, the invention, by using a single interleaving method and being able to calculate on the fly the 
interleaving positions of the interleaved symbols for any depth whatsoever fits from the outset with the logic of up- 
gradeability and flexibility. Any interleaver having the same characteristics of variable depth and on-the-fly calculation 
capability could be used in the invention instead of the rectangular interleaver defined in the algorithm of Table 3. 
[0079] Finally, in the downlink, an insertion of dummy bits 160 is carried out in last place in the invention, between 

so the segmenting of the physical channels 130 and the mapping to physical channel 132. On the other hand, it is recalled 
that, in the 3GPP proposal, the insertion of dummy bits is carried out before the second interleaver 126. Insertion in 
last place makes it possible more easily to control the time position of the discontinuous-transmission dummy bits. In 
particular, it is thus simpler to group them together temporally, so as to have a discontinuous transmission period of 
significant duration. Keeping the discontinuous-transmission dummy bits makes it possible to arrange forperiods during 

55 which the mobile station can make measurements on other carrier frequencies, with a view to a possible handover. 
[0080] In the algorithm defining the multiplexing by shuffling given in Table 5. the limiting step is that of the operation 
"find j such that ej = min {e 1( e 2 e p }" which is defined in Table 6. 

[0081] The SIEMENS (registered trade mark) algorithm of Table 1 is a particular case of the multiplexing by shuffling 
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[0082] Oolimiza.ion of th. algorithm is also possible whan *T">££ ,, ;» .toefora ancient to group 
L sM.ing ™ w. ^^^^"i? o, « algorithm. 



written as in Table 7. 
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Input data for the algorithm: 

X Ui : symbol array [0 .. N.-l ] 

X 1(Pl : symbol array ( 0 .. N t - 1 ] 

X: ri : symbol array [0 .. Ni-1] 

Xp,p D : symbol array [ 0 ,. N p - 1 ] 



1 st block to 
multiplexed 



be 



to be 



pr" block 
multiplexed 

(pi + l)th block to be 
multiplexed 



block to be 
multiplexed 



Y: symbol array [0..N-1] 



multiplex N 
Pi"Ni + p 2 .N 2 + ...+Pp-Np 



The algorithm is as follows: 
for i = 1 to p do 

ei = N-Ni -- initialize the error criterion for 

all the block sizes 

for i = 1 to p do 

x = 0 initialize the position in the multiplex 

while x < N do 

f find j such that = min {e:, e 2 ,..., e p } see Table 5 
for i; = 1 to Pj do 

Y(x] : = X^.ilxj] multiplex 
X: = x+1 
enL_do 
x 3 : = x t + 1 
if Xj = Nj then 

e : : = +co the blocks of size Nj will never 

again be selected 

Else 

e } = e D + 2 • (N-Nj) 
\^ end_if 
end do 



Table 7 Multiplexing by shuffling 



[0084] As an alternative to the software described for performing the operation "find j such that ej = .min {e v e 2 .-- 
e p }" of Table 6. it is possible to implement a hardware accelerator 1130. Such a hardware accelerator 1130 is described 
below in conjunction with Figure 14. 

[0085] The hardware accelerator 1130 comprises the following means: 

Storage means 1160 comprising memory latch registers 1000. A memory register 1000 is represented in Figure 
11. Such a register 1000 comprises four input ports RESET. ENABLE. CLOCK and D. and an output port Q. The 
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u ^„c tho rccct ENABLE and CLOCK ports are 1-bit control ports. The 
D and Q ports are L-bit data ports, whereas he RESET, ENABLE and U_ P 

Q port reflects the current value of the internal state of the register 00CK The D port se P clqck 

for this internal state. The new value is taken into account upo a rising .edge of the cloc * a g ^ 
port when the ENABLE port is active. Thus, the current value of the e f of the 

the clock. Conversely, whi.e the ENABLE porl ' » ^^^^ it passes at any instant 

reg,ster 1000 is preserved upon completely to zero. Each of the 

^e^ 

' 

account the values of a new triple. (I, ., H>. and ol ,np u .ignal S ^^tT»r. Th. input signal 

port. 

The sorting ™» ,140 n^e . .o ^ '^^^IT^^^S"^ 

me registers ,001 to 1008is no, n.cessari » »°"* d- TJ. ™ "^J*"™ „ P is , inked ,„ ltl e D input of 
i„,„ me lister, ,00, ,= ,008 Stated [^^^^^T^T^inF^W.n.^^'^ 

respectively: 

, IU . t . al op i PCT2 is eaual to 1 the contents of the register pairs referenced 1001 . 
We consider for example the case where the value of the input 

A second-order partial sort implementing not only the sorting means . corftn H mode Th us, each 

o, registers divided b, two. the entire content, »' lh | ^'^^y " yalue „, the oulpu , from the f.rs, register 

of the registers 1001 to 1008. 

. Selection gates 1110. A se,ection gate 1110 presented , ~ ct^ 1^1 
£l?pS^ 

. ^o^^el^^STate 1120 ,s represented in Figure 1, ^T^^ZS 
DO and D1 . and two output ports O0 and 01 . These tour ^^^^^^ra given order relation. 

,oading means 1150 make it possible. «»^- d ^ of J first register 

value of the port DATA. IN (when the input signal SELECT1 is at U). or 
1001 (when the input signal SELECT 1 is equal to 1). 
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[0086] The hardware accelerator 1130 of the invention, represented in Figure 14. is capable of performing the function 
"find j such that e^ = min {e 1 . e 2 . ... e p }" for a number p equal to at most 8 (this number being taken by way of example). 
In the figure, transfers are represented by pairs of circles bearing a number. Thus the two circles bearing the number 
1 are in electrical contact. 

5 [0087] The hardware accelerator 1130 will be better understood on considering Figure 15. Via means which are not 
represented in Figure 14, the signal SELECT2 is made to take the values 0 and 1 alternately at the sampling instants 
given by the rising edges of the clock signal. Noting that the inputs DO and D1 are in reverse order from one selection 
gate 1110 to the next, it will be understood that when the signal SELECT2 is equal to 1 then only the sort performed 
by the sorting gates 1120A at odd positions (1 st . 3 rd . etc. ...) is taken into account so as to update the value of the latch 

10 registers 1000. When the signal SELECT2 is equal to 0. the reverse holds, thus the sort performed by the sorting gates 
1120B at even positions (2 nd . 4 th . etc. ...) is taken into account. 

[0088] With such a layout, it will be understood that if moreover the signal SELECT1 is equal to 1, the signals 
ENABLE1 and ENABLE2 are equal to 1. and the signal RESET is equal to zero, while the contents of the registers 
end up being sorted in such a way that the values increase from left to right in Figure 14. 
15 [0089] The format of the content of a register 1000 is represented in Figure 16. It comprises: 

an indicator of the value of j of the bits 0 to 2 (2 3 = 8 is the value for p in our example); 

an indicator of the value of ej of the bits 3 to L-2. This indicator is relevant when e ( * arbitrary otherwise; and 
a bit I at 1 when e^ * +~. and at zero otherwise. 

20 

[0090] Thus, the format of the content of the registers 1001 to 1008 makes it possible essentially to distinguish 
between two items of information: 

an indicator j identifying the block to be selected; and 
25 - an error value (lj. ej) allowing selection. 

[0091] This error value can have an infinite value (lj = 1) so that block j is no longer selected when all its symbols 
have been appended to the multiplex under formation, or finite (lj = 0) when there are still symbols in block j which are 
not yet in the multiplex under formation. 
30 [0092] In the embodiment described here, a specific bit (lj. bit L-1) serves to mark the infinite value. Thus, in Tables 
5 and 7, the operation "ej: = +~" amounts to setting this specific bit to 1 . whilst during the operations "ej: = N-Nj" and 
"ej: = ej+2.(N-Nj)" this specific bit is set to zero, and the value is loaded into bits 3 to L-2. 

[0093] In another embodiment, there is no specific bit lj to mark the infinite value, and the finite or infinite .value of ej 
is stored in bits 3 to L-1 . On the other hand, there is a certain threshold labelled max. such that ^ is regarded as finite 
35 when ej<max. and as infinite for any value such that ej>max. To this end. the number of bits L-3 over which ej finite or 
infinite is preserved is sufficient to keep the value max + 1 . Moreover, the threshold max is such that it is never exceeded 
when ej is updated by the operations "ej:=N-Nj" and "e^ = e)+2.(N-Nj)" of Tables 5 and 7. and the operation "ej: = +«" 
amounts to storing a larger value than max. for example max+1 or else (2 L 3 -1 ). 

[0094] Thus the canonical order over the natural integers, applied to the contents of the registers 1000, is sufficient 

to perform the desired sort so as to obtain the function "find j such that ej = min {e 1t e 2 e p }". 

[0095] The hardware accelerator 1130 operates as follows: 

[0096] Firstly, all the registers 1000 are reset to zero with the aid of the RESET port. During normal functioning, the 
RESET input remains at zero, that is to say in an inactive state. 

[0097] When the signal SELECT 1 is at 1 . the sort is performed on the.existing values of the (lj.ej.j-1), otherwise, the 
^5 signal SELECT1 can be set to zero when the signal SELECT2 itself also takes the value zero, this making it possible 
to change the value in the first register by presenting a new value on the DATAJN port. Thus all the registers may be 
initialized by loading the values {0.N-NU-1} for t=1 to p into the first register at most every second clock pulse (or tick). 
As the initial values are necessarily non-zero since, for any i. we have N-N^0. then as long as all the registers 1001 
to 1008 have not been loaded, after two clock ticks, one of the zero values given initially to the "reset" will be dropped 
so back down into the first register and may be overwritten by the next value of {0,N-Nj. i-1}. 

[0098] When the p values have been loaded in this way, it is sufficient to read, on the DATA_OUT port, the value of 
j in the three least significant bits. This value is the one which satisfies e f = min {e v ..,e 8 }. After having incremented the 
value ej by 2(N-Nj). or having set it to the new value of the triplet {lj,ej.j-1} can be reloaded into the first register, 
by presenting this value on the DATAJN port, by setting the signal SELECT1 to zero when the signal SELECT2 also 
55 goes to zero. After two clock ticks afterwards, the new value of j given by the function "find j such that ej = min {e v 
e 2 .... e p }" can be read on the DATA_OUT port. - 

[0099] It is important to note that the only constraint to be observed, to obtain optimal functioning of the hardware 
accelerator described, lies in the fact that between two zeroings of the input signal SELECT1 , the input signal SELECT2 
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must have changed value at least t™<=e. S p LEC T2 changes value with each clock tick and that the registers 1001 
[0100] Thus, assuming that the input signal SELECT2 changes *a'ue w 

!o 1008 have already been loaded, then J^™^^ to be 

the input s,gna, SELECT1 to of j and V Thus, by presupposing 

dropped back down. w,thin the ««^™^^ W ^ J only on the same clock ticks for which the input signal 

5 {Si? rJuca, pent ,n the performance of this device Is that ^ tT—" 

U completely sorted. It is sufficient to be certain that the ^^^^Z^ 0 Ze6 to wait for the new 
Thus, the sort may be carried out in parallel w,th the mult.pl. nc^his « t0 what would be the 

» S^vE'to be propagated far enough for the value in ^.^J^™^. acce ,erator 1130 de- 

.I"*' ITs'S^ ISu."- i such that e = m,n { e 

scribed, the signals SELECT 1 and btLtu * wuu incremented value of the 
e p} would be read on the DATA_OUT port when he 

triplet {li.e,j-1} read would be wntten when the signal SEL ECT had 9 one ^ ' feferred tQ as a cornbjnat ion 

to as explicit bit rate detection. ™ (ar Hinn thi* rue The receiver of the multiplexing frame 

30 block is positive for at least a certain number of transport blocks^ ds of , he trans . 

35 port formats. j^^h rtn tho romhination of transport formats. This 



tion. 



Claims 

45 



50 



55 



2. 



Method for interfering and multiplexing ^ , se = ^^^r s^m" 

groups of transport channels, the transport channels of one and the s me g P _ y usj one 

Lrvice. in which method the data o^^^^^ Z^™^**™*- ^ 

and the same processing procedure (103A. 103B) specific .o me g P multiplexing 

(103A, 103B). 



ating in succession. 
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Method according to Claim 2. characterized in that the said second interleaving step ( 1 58) comprises a rectangular 
interleaving step with dynamically variable depth. 

Method according to Claim 2 or 3. for transmission along an uplink from a mobile station to a fixed network, char- 
acterized in that a single rate matching step (112) is provided within each processing procedure (103A, 103B) 
between the said first and second interleaving steps (156. 158). 

Method according to Claim 4, characterized in that the said first interleaving step (156) comprises an initial step 
of writing symbols along the rows of a matrix, the number of columns of which is equal to the number of multiplexing 
frames which can be processed during the said step of multiplexing by shuffling (152) in the time span necessary 
for the said first interleaving step (156). and a subsequent step of reading symbols along the columns of the matrix 
for obtaining blocks of interleaved symbols, and in that the blocks of interleaved symbols obtained following the 
implementation of the said first interleaving step (156) are segmented so that each segment corresponds to a 
column of the said matrix, the said rate matching step (112) being implemented on each of the said segments. 

Method according to Claim 1 . for transmission along a downlink from a fixed network to a mobile station, charac- 
terized in that it comprises a single interleaving step (154) in each processing procedure (103A. 103B). 

Method according to Claim 1 or Claim 6. for transmission along a downlink from a fixed network to a mobile station, 
characterized in that it comprises, after the said step of multiplexing by shuffling (1 52), a step of inserting dummy 
bits (160). 

Method according to any of Claims 1, 6 or 7. for transmission along a downlink from a fixed network to a mobile 
station, characterized in that a rate matching step (114) is implemented for each processing procedure (103A. 
103B). with a static rate matching ratio. 

Method according to any of the preceding claims, characterized in that the said step of multiplexing by shuffling 
(152) initially comprises a step consisting in associating, with each block to be multiplexed, a variable obtained by 
applying a first evaluation criterion, then, for the construction of the multiplex, the following steps, repeated itera- 
tively for all the symbols to be multiplexed: 

e) selecting, as a function of a second evaluation criterion pertaining to the said associated variables, one of 
the blocks to be multiplexed; 

f) extracting from the selected block the next remaining symbol when considering a given order of reading in 
the selected block; 

g) inserting the extracted symbol at the end of the multiplex; and 

h) re-updating the variable associated with the selected block. 

Method according to any of the dependent claims, characterized in that the said step of multiplexing by shuffling 
(152) is implemented on data blocks the number and size of which vary dynamically from one multiplexing frame 
to the next. 

Method according to any of the preceding claims, characterized in that it is implemented within a radio-communi- 
cation system implementing CDMA technology. 

Device for interleaving and multiplexing data conveyed within several transport channels (100) distributed into 
groups of transport channels, the transport channels of one and the same group all having the same quality of 
service, comprising: 

a processing chain (103A. 103B) specific to each group of transport channels, allowing the processing of the 
data of the transport channels of one and the same group, each processing chain (103A. 103B) comprising 
at least data interleaving means (154; 156. 158). and 

multiplexing means (152) provided at the output of the processing chains (103A. 103B). 

characterized in that the said multiplexing means (152) provided at the output of the processing chains (103A. 
1 03B) are means of multiplexing by shuffling, and in that all the data interleaving means ( 1 54: 1 56. 1 58) are included 
within the said processing chains (103A. 103B). 
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13. 



a- t riaimi ? characterized in that the said means of multiplexing by shuffling comprise a hardware 
^"r^^SX^™ . sort o, a « - pa,, o, ,., U a S eels,,, .or «* o, *. - 



pairs, at least; 



symbols of which are to be appended to the multiplex undergoing formation; 
,o the said hardware accelerator (1130) comprising: 

second-order partial sort assigning the set of the said pairs of values, 
in such a way that a single second-order partial sort is sufficient for the said hardware accelerator ( 1 1 30) to deliver 
at output (DATA_OUT) a pair of values comprising: 
. the current minimum error value (Ij.ej) of the set of error values: and 
25 - the identification value (j) associated with the said minimum error value (l^). 

U Mobile radio-communication network base station adapted for communicating with mobile stations of the same 
network, characterized in that it comprises a device according to Claim 12 or 13. 

30 15. Mobile radio-communication network mobile station adapted for cornmu-cating with base stations of the same 
network, characterized in that it comprises a device according to Cla.m 12 or 1 3. 
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